To explore school and student characteristics associated with the number of physical education (PE) classes that elementary students received and to determine whether these characteristics and amount of PE were associated with the physical activity (PA) levels of elementary students.
I
t is well established that physical activity (PA) is beneficial for preventing the onset of obesity, cardiovascular disease, and a number of chronic conditions. 1 However, levels of PA among Canadian youth are well below recommended levels, as less than 10% of youth accumulate at least 1 hour of moderate to vigorous PA (MVPA) per day (accelerometry data). 2 The school environment provides an ideal target for promoting PA, as 1) most children attend school, regardless of their socio-economic background, and they accumulate as much as 50% of their PA while at school, and 2) for many, the physical education (PE) class is their only source of regular PA. [3] [4] [5] Many aspects of the school PE environment have been linked with an increase in PA, including PE time, PE frequency (days/ week), qualification of PE specialists, and PE resources. [6] [7] [8] [9] [10] [11] [12] [13] In addition, one of the benefits of PE is that structured classes led by PE specialists provide students with the physical skills required to pursue PA both inside and outside of school hours. Furthermore, Dale and colleagues found that not only did elementary students get less total PA on days PE was not offered, but children were actually more active in the after-school period on days when recess and PE were offered. 14 It is thus important to understand the factors that influence how much time schools dedicate to PE, especially among elementary school students, as a survey of Canadian parents found that only 22% of elementary students are receiving at least one day of PE per week. 15 In recent years, the number of Canadian schools that report having a policy for daily PE has increased from 35% in 2006 to 55% in 2011. 16 However, simple enactment of a policy will not ensure its full implementation. For example, three years after the full implementation of a daily PA policy was mandated in British Columbia (BC) schools, about 35% of elementary schools still reported not meeting the requirements of the policy. 17 In addition, schools reported that many factors at the organizational levels (including school climate and capacity) influenced their ability to fully implement the policy. 18 Gaining a better understanding of the school factors associated with PE provision is paramount, as these factors may represent barriers to implementation of PE policies.
The purpose of this study was to re-analyze the cross-sectional data collected as part of the 2007-2008 PLAY-Ontario (PLAY-ON) study (Ontario, Canada) 19 to explore school characteristics associated with the number of PE classes elementary students received at school. In addition, this study determined whether these school characteristics and the amount of PE that students received were associated with the PA levels of elementary students. In a previous analysis of the PLAY-ON data, 20 PE amount was linked with PA levels of elementary students; therefore, our study aims to gain further insights into this relationship.
METHODS Participants
In total, 30 elementary schools participated in the PLAY-ON study. Overall, 2,449 students in grades 5 to 8 completed the survey (50.6% response rate), with non-participation mainly due to parental refusal (46.2%; n = 2,237) or absenteeism (3.2%; n = 152). All 30 elementary school administrators completed the school survey. The demographic characteristics of the schools and students are shown in Table 1 .
Procedure
All students in grades 5-8 attending the 30 participating schools were eligible to participate in the study. Active consent from parents was obtained and students were informed they could decline participation at any point. Students completed the School Health Action, Planning and Evaluation Physical Activity Module (SHAPES-PAM) survey at school. In each school, one administrator or person deemed most knowledgeable about the programs, policies and facilities was asked to fill out the School Health Environment Survey (SHES). Schools received a cash honorarium of CAD $150 or $250 (pro-rated based on participation). 
Instruments (available upon request) SHAPES-PAM -Student Survey
The SHAPES-PAM included questions about students' age, height, weight, PA, and correlates of PA.
Outcome variable -PE amount. Students were asked to report the number of PE classes they were offered over the previous week, with response options of 0-5.
Outcome variable -PA levels. Students were asked to report the total minutes of moderate physical activity (MPA) and vigorous physical activity (VPA) in which they participated in the previous week. Students' MVPA was calculated by summing their weekly MPA and VPA, with the data categorized into tertiles as children are known to have difficulties recalling exact amounts of PA in self-report. 21 The survey has demonstrated reliability using weighted kappa scores from a one-week testretest reliability protocol for PA level (K = 0.58; p < 0.05) and criterion validity with a Spearman correlation for average daily MVPA (r = .44, p < 0.01).
22

School Health Environment Survey (SHES) -School Survey
The SHES assessed demographic factors such as school size, urban/ rural status, and number of teachers. In addition, it asked about facilities, programs and policies related to PA at school. The SHES has been shown to be both reliable and valid.
23 Table 1 . Descriptive information about the students (n = 2449) and schools (n = 30) The Theories of Organizational Change 24 was used as a framework to elucidate why certain schools offer more PE amounts than others and measured: organizational climate (school practices related to PE or PA), organizational capacity (school ability to provide students with more PE or PA), and school PE/PA policies. School organizational climate included assessment of whether the school: used PA as a reward; promoted active transportation by providing a car-free zone or a walk-or cycle-to-school program; and provided gym access outside school hours or class time. It also assessed the level to which parents were involved in the decisions, dialogues or events related to school PA. The parental involvement measure was comprised of four questions targeting these conceptual domains, which were summed (Cronbach's alpha = 0.64). All items used a Yes/No response format, except for: PA reward, which had four responses, ranging from not at all to a lot (responses were dichotomized); and access to the gym, which used "rarely", "sometimes" and "often" as the response format.
School organizational capacity included assessment of the number of onsite school PE facilities in addition to a gymnasium (zero to three additional facilities, with zero and one grouped together since only one school had no additional facilities), and whether the school provided intramural programs (Yes/No).
School PA/PE policy asked whether the PA curriculum had been outlined through a written policy or practice, with possible response options being "Yes, through practice", "Yes, through a written policy", and "No". Two manual contrasts were created to compare responses: "Yes" (either of the "Yes" responses) versus "No"; and "Yes, through a written policy" versus "Yes, through practice" and "No".
Data analysis
Multi-level mixed-effects linear regression, which accounts for the nested structure of the data, was used to examine the school factors associated with the amount of PE that students received.
Independent variables and covariates were entered as fixed effects. Grade and gender were entered as random effects, as boys and girls may be offered different amounts of PE depending on whether the school offered co-ed or single-gender classes. The effect of grade level on PE provision was also thought to vary by school and thus was modeled with a random slope. We used two multi-level mixed-effects logistic regressions to examine school characteristics associated with PA levels. In these analyses, the amount of PE that students received was entered as an independent variable. Although measured at the student level and entered as a student-level variable in the analyses, this variable gives an indication of the amount of PE provided by the school and indirectly measured school characteristics. The first analysis compared highly active students with those who were minimally active and the second compared students who were moderately active to those who were minimally active. In both analyses, all independent variables and covariates (schoollevel covariates: student enrolment, setting and schedule; student-level covariates: grade, gender, participation in sports outside of school, participation in individual PA activities outside of school) were modeled with random intercepts.
Multiple imputation methods were used to adjust for missing data in the independent variables and covariates. 25 The amount of missing data is reported in Tables 1 and 2 and ranged from 0 to 17.8% before imputation. All analyses were completed using Stata v11 (StataCorp, Texas).
RESULTS
School environment factors
With respect to organizational climate, most administrators reported using PA as a reward, providing a car-free zone for encouraging walking to and from the school, as well as providing some access to the gymnasium during and outside of school hours (Table 2) . For organizational capacity, there was variability in the number of additional facilities used for PE, is the school-level variance); it was found that 22% of the total variation in PE amount provided to students was explained by school-level differences, and grade levels significantly explained the within-school variation. The results showed that parental involvement in school PA decisions/dialogues (mainly through the parental advisory committee) and having additional PE facilities were significantly associated with increased PE amount (p = 0.048), while the provision of intramural programs was significantly associated with less PE amount (p < 0.001) ( Table 3) . Specifically, students received 0.53 more PE classes per 25% increase in their school's parental-involvement scale, and 1.13 more classes per week if their school had two additional PE facilities compared to students in schools with zero or one additional facility besides a gymnasium. Additionally, schools that provided intramural programs provided 1.97 fewer PE classes per week than schools that did not provide intramurals.
School factors associated with student PA levels
Significant between-school variation was identified for being highly active (σ 2 μ0 = 0.16, p < 0.05); it was found that 4.6% of the total variation in the odds of being highly active was explained by differences between schools. Although no significant between-school variation was found for being moderately active, this model was still used to explore the underlying associations in more detail. The amount of PE that students reported receiving in the previous week was the only significant school factor associated with student level of PA (p = 0.003) ( Table 4) . Each additional PE class that students reported receiving in the past week was associated with a 14% increase in their odds of being highly active. There was no significant difference in the odds of being moderately active based on the amount of PE that students received in the past week (Table 4) . In addition, after controlling for all other covariates and the school-level factors, students who participated in a team sport outside of school and participated in other activities outside of school such as jogging or yoga were more highly or moderately active than students who did not participate in these activities (p < 0.001). Being female was found to be associated with 44% lower odds of being highly active (p < 0.001), although there were no significant gender differences in the odds of being moderately active (p = 0.187).
DISCUSSION
Similar to other studies conducted in Canada, 16 this study highlights the inconsistent amount of PE that is being provided to elementary school students. Overall, 10.1% of students reported receiving no PE classes in the previous week, while only PA = physical activity; PE = physical education; NR = not reported since near zero. † Referent group. ‡ Binary "low" versus "high" variable, with "low" as the referent group. § Binary "yes" versus "no", with "no" as the referent group. || Estimate for the continuous variable was scaled to represent a 25% increase in parental involvement. * p < 0.05; ** p < 0.01; *** significant since estimate divided by standard error > 2.
12.7% reported receiving four or more PE classes. Consistent with previous analyses of the PLAY-ON data, 10 students reported more PA when they had more PE classes, which implicates PE as an important predictor of total PA behaviour. [6] [7] [8] [9] Our findings extend previous analyses 10 by highlighting the factors within the schools that can indirectly influence levels of PA. Specifically, structural and organizational factors (PA facilities, intramural offerings, and parental involvement in PA decisions and programming) within the school environment were related to the provision of PE, which can indirectly influence PA behaviours given that PE provision is related to PA behaviour. Increasing levels of parental involvement related to PA decisions/dialogues were associated with increased PE provision. Although this relationship has not been previously examined, this result is supported by one of the tenets of the Theories of Organizational Change, 24 which hypothesizes organizational climate to be associated with PA decisions/dialogues (e.g., amount of PE provided). Based on these findings, we suggest that schools should attempt to include parents to a greater extent in the PA-related activities of the school, as this involvement seems to be linked with more PE provision.
We also found that the number of additional on-site facilities that teachers could use for PE classes was associated with providing more PE. Post-hoc analyses investigated whether the presence of any individual facilities (rather than a summative number of additional facilities) was associated with greater provision of PE (results not shown). Interestingly, while the cumulative number of facilities was shown to be significant, no associations were found between PE amount and specific types of PA facilities. This finding suggests that for schools that are limited by physical space to provide PE, the absolute number of additional spaces besides a gymnasium can be a limiting factor for the provision of PE, rather than the presence or absence of any one facility. Our findings contrast with those in the study by Fernandes and Sturn, 26 which may be due to the way the latter defined "other facilities" -they included auditoriums, cafeterias and classrooms as potential alternatives to a gymnasium for providing PE, which are less conducive for teaching curricular PE. 26 Unfortunately, increasing the number of facilities on school grounds for PE is not feasible for many schools due to lack of physical space or adequate funding. As an alternative, schools with limited PA facilities may increase PE 7.92 NR PA = physical activity; PE = physical education; NR = not reported since near zero. † Referent group. ‡ Binary "low" versus "high" variable, with "low" as the referent group. § Binary "yes" versus "no", with "no" as the referent group. || Estimate for the continuous variable was scaled to represent a 25% increase in parental involvement. * p < 0.05; ** p < 0.01.
opportunities by partnering with nearby community centres, agencies, or private sporting facilities to aid in the delivery of PE off school grounds.
Interestingly, we found that schools that provided students with intramural programming actually provided less PE to their students, suggesting that intramural programming might be used by schools as an alternative to PE delivery. Although there are previously documented associations between the presence of intramural programs and greater levels of student PA, 27 if intramural programs are indeed associated with less PE provided to students, there is a risk of creating disparities in the PA levels of students within a given school. Since intramural programs are usually optional, 28 it is probable that the students who are already active, highly skilled, and/or enjoy sports are more likely to participate in intramurals than the relatively inactive students who would benefit the most from PA administered in a required PE class. Although intramural programs might be useful for increasing the PA levels of some children, they are not a suitable replacement for teaching other aspects of the curricular PE class (healthy living and skill development components). For example, intramurals are often focused on competition rather than skill acquisition and improvement, and there is often little oversight as to whether students are showing improvement in the activities or not. The amount of PE provided to students was the only factor significantly associated with the PA levels of students. The literature indicates that environmental factors within the school, while important on a population level, account for only a fractional amount of the variation in the daily PA accumulated by individual children (between 2.2 and 5.7% of the total variation in PA). 29 In this study, school-level differences accounted for 4.6% of the variability in the odds of being highly active, and did not account for any differences in the odds of being moderately active. Thus, there was relatively little between-school variation in the PA levels of students that could have been explained by these school factors -especially when compared to PE provision, where 22% of the variability was explained by differences between schools.
The results of this study should be interpreted in light of its limitations. First, this study utilized a cross-sectional design, which limits the ability to make causal inferences. Second, this study used a convenient sample of schools, and as such, the results cannot be extrapolated to all students and schools in the province of Ontario or beyond. Third, because it is known that students often misreport their actual PA levels in self-report, 21 this measure does not allow for the interpretation of results in terms of the actual minutes of MVPA that students participated in, which would likely be of some importance to policy-makers. Fourth, although PE amount is a school factor, we utilized the student data to measure PE amount to account for the variability within schools which could not be captured from the school principal survey (i.e., variation within and between grades). Future studies should consider obtaining this information from classroom teachers to minimize measurement errors. Fifth, as PE was taught by classroom teachers, we were not able to examine the extent to which having PE specialists increases total PA. Finally, the self-report methods used for this study were subject to a number of potential biases. For example, students may have misreported their answers based on recall bias or inability to understand the question. Additionally, although honest administrator reporting was encouraged, social desirability bias may have resulted in more positive impressions of their schools. Despite these limitations, this study is one of a few that have examined the influences of environmental factors on PE provision and PA levels among elementary students.
CONCLUSION
As the PA levels of Canadian children continue to decrease at an alarming rate, 2 it is vital that policy-makers and researchers work together to address this critical issue. In this study, we found that organizational and structural factors within the school environment were related to the amount of PE that students received at school. While policy-makers should be encouraged to make daily PE requirements mandatory, we need to address the organizational and structural factors that impede schools from offering more PE. Currently, only less than 10% of Canadian children are meeting the PA guidelines; 2 finding ways to ensure that PE is provided to all students will no doubt help to improve this troubling statistic.
